Oats are important cereals. Oats are a good source of protein and lipids, polyphenolics, phenolic acids, flavonoids and avenanthramides. Avenanthramides is phenolic group, which is unique in oats and have antioxidant activity, anti-inflammatory, anti-atherogenic and anti-proliferative effect. The aim of study is determination of the majoritarian avenanthramides (2c, 2p and 2f) and phenolic acids (p-coumaric and ferulic) in selected varieties of oat (Avena sativa L.) grown in two consecutive years using the HPLC method. The oats were exposed to ultrasound supported extraction (two 15 min cycles).The simultaneous separation was performed using C18 type of stationary phase. The method showed a good linearity in the concentration range 0.04 -5.24 µg/mL for p-coumaric acid, 0.04 -5.13 µg/mL for ferulic acid, 0.19 -24.5 µg/mL for avenanthramide 2c, 0.53 -17.1 µg/mL for avenanthramide 2p, 0.8 -25.6 µg/mL for avenanthramide 2f. Correlation coefficients were higher than 0.9997. Detector operated at a wavelength 320 nm. The repeatability of the method was evaluated in three concentration levels with satisfactory results for each analyte. The content of both phenolic acids is significantly lower (50--100-times) compared to the total content of avenanthramides in both years' harvests for all analyzed varieties. Content of total avenanthramides was the highest in varieties Racoon (723.28 mg/kg) followed by Oliver (578.59 mg/kg) and Kamil (384.17 mg/kg).
Introduction
Oats are cereals containing β-glucan, and are a good source of protein and lipids, several antioxidants (including e.g. vitamin E), phytic acid, sterols, polyphenolics, phenolic acids (PAs), flavonoids and avenanthramides (AVNs). These are concentrated in the outer gates layers (Menon et al. 2016) . PAs and phenolic alkaloids, notably the AVNs, are present either in the 'free form' as soluble conjugates, or as insoluble bound forms (Shewry et al. 2008) . AVNs are a group of unique soluble bioactive compounds that are absent in other food crops. Oats contain a unique group of approximately 40 different types of AVNs that consist of an anthranilic acid derivatives and hydroxycinnamic acid derivatives (Boz 2015) . AVNs from oats exhibit (potent) antioxidant activity in vitro and in vivo (Thomas et al. 2018) . Amides of anthranilic acid are a group of naturally occurring phenolic amides in oats. Three avenantramides are most represented in the oat grains: N-[3', 4'-dihydroxy-(E)-cinnamoyl]-5-hydroxyanthranilic acid (2c), N-[4'-hydroxy-(E)-cinnamoyl]-5-hydroxyanthranilic acid (2p) and N-[4'-hydroxy-3'-methoxy-(E)-cinnamoyl]-5-hydroxyanthranilic acid (2f) (Maliarová et al. 2015) . Both animal studies and human clinical trials confirmed that oat antioxidants have the potential of reducing cardiovascular risks by lowering serum cholesterol, inhibiting LDL oxidation, they are anti-carcinogenic and attenuating platelet aggregation and peroxidation (Chen et al. 2004) . Dietary AVNs supplementation increases antioxidant capacity in the biological tissues, thereby reduces steady-state formation of Reactive oxygen species and oxidative tissue damage (Li et al. 2017) . Increasing the daily intake of whole grain cereals by 90 g has been associated with reduction in mortality from cardiovascular disease by 27 %, total cancer by 15 %, respiratory disease by 22 %, diabetes by 51 % and infectious diseases by 26 % (Whitehead et al. 2014) . It has been reported that gallic acid, vanillic acid, caffeic acid, ferulic acid, and p-coumaric acid are the main PAs in oats (Xu et al. 2009 ). Experiments in vitro have shown that AVNs have significant antioxidant capabilities, with 10--30-times higher radical scavenging activities than caffeic acid, ferulic acid, and vanillin (Emmons et al. 1999) . For this reason, AVNs have become the subject of our study. There are several studies that were focused on the identification and quantification of AVNs in oats, oat products, but also directly in clinical biological materials. In the study by Chu et al. (2013) the contents of AVNs in 7 oat varieties from Canada were reposted. Oats and products present data for oats from China were studied and published in several other studies (Ren et al. 2011; Li et al. 2017; Chen et al. 2018) , husked oat from Finland (Multari et al. 2018) . Several studies assessed AVNs content in human materials such as plasma (Chen et al. 2007 ) and urine (Schär et al. 2018) . However, data on content of AVNs in oats and oats products are still rather limited. The aim of our study was the identification and quantification of AVNs as well as selected phenolic compounds: p-coumaric acid (PCA), ferulic acid (FA), avenanthramide 2c (AVN 2c), avenanthramide 2p (AVN 2p) and avenanthramide 2f (AVN 2f) in oat varieties growing in Slovakia, in commercially available products from local markets and oatmeal and extruded oatbread.
Experimental

Material
Analyzed samples included 17 different oat varieties. In addition, 6 commercially available products -4x oat flakes (Ravita, COOP Jednota, Vince, and the gluten free Kroner, all purchased from local market), 1x oat flour from new oat breading line (LO) (obtain from CELPO spol. s.r.o., Slovakia) and1x extruded oatbread. 
Preparation of extracts
Samples of oat were milled by common laboratory mill (120 W, 230 V, 50 Hz -the size of particles 5 -10 µm). Samples of flour for each variety (0.30.01 g) were extracted by 2 x 3 mL 70 % (v/v) water solution of methanol at 55 °C. The samples were extracted using ultrasound 2 x 15 min. The samples were then centrifuged at 6,500 g for 15 min. The supernatants were kept at -20 ºC until HPLC analysis was carried out. The supernatants were immediately centrifuged repeatedly before analysis and then directly injected without dilution into the HPLC system. Extraction solutions (supernatants) were injected three times.
HPLC analysis
HPLC separation, identification and quantification was performed using Waters HPLC system (Waters, USA) equipped by Waters 1525 binary pump, Waters 2998 photodiode array (PDA) detector, Waters 2707 Autosampler, Thermostat Waters Model Column Heater 1500 Series, Waters Symmetry C18 column (75 × 4.6 mm i.d., 3.5 μm) with adequate security guard column and software Empower 2. For gradient elution were prepared two phases, phase A was 0.1 % water solution of formic acid and phase B was 0.1 % methanol solution of formic acid. The gradient was non-linear: 0 -8 min 26 % solvent B, 8 -18 min of 42 to 45 % solvent B, 18 -21 min 100 % solvent B. Similarly, the nonlinear gradient for phenolic compounds was used by authors Zeng et al. (2016) . A flow rate was used of 1.0 mL/min. The column temperature was set at 35 °C and the injection volume was 20 μL. Detector operated at a wavelength 320 nm.
Validation of method
For the validation of the HPLC-DAD method, parameters such as linearity, limits of detection (LOD), limits of quantification (LOQ), precision, and accuracy were evaluated. The calibration curves of analytes were constructed after injection of standard solutions (three concentration levels, three replicate injections of each solution). The LOD of the method were calculated as a signal to noise ratio of 3 using the injection of series of more diluted standard solutions of analytes. The LOQ were evaluated using signal to noise ratio of 10. Intra-day and inter-day precisions of the method were evaluated for three preparations of sample within one day and five days, making triplicate injections under the working conditions and (expressed as RSD %).
Results and Discussion
Extraction
In the study Maliarová et al. (2015) were established the optimal conditions for the extraction of avenanthramides 2c, 2p and 2f from oat grain using response surface methodology (RSM). Sample extracts were prepared in 70 % methanol. Comparison of retention times from HPLC and UV spectra of sample peaks and standards was used for identification of selected phenolic compounds in extracts of oats. Ultrasound supported extraction was proved most advantageous compared to Eppendorf Thermo-Mixer and to Environmental Shaker-Incubaton for PCA, FA and AVNs (Fig. 1) . At the same time, optimal time of ultrasound supported extraction was investigated. The optimum extraction time was 2 times 15 min (Fig. 2) . This extraction was showed maximum yield and short time of extraction. The advantages of using extraction of ultrasound in food and natural products were been published too by Chemat et al. (2017) . Results from extraction demonstrated, that for the following analysis of phenolic compounds: FA, PCA, AVN 2c, AVN 2p, AVN 2f it is best to use ultrasound-supported extraction. Highest yield of phenolic compounds have been achieved in two time cycles for 15 min of sonification.
HPLC analysis
Reversed phase separation mode is most commonly used for HPLC separation of both PAs (PCA, FA) and AVNs. The work was focused on development of HPLC method for separation and determination of two PAs and three AVNs (2c, 2p, 2f). For separation of phenolic compounds was used analytical column Symmetry C18 (75 x 4.6 mm; 3.5 µm). The mobile phase consisted of methanol with formic acid and ultra pure water with formic acid. The gradient was non-linear. Similarly, the non-linear gradient for phenolic compounds was used by authors Zeng et al. (2016) . Gradient elution profiles were investigated, which resulted in effective separation of target compounds in analysis time less than 20 min. Phenolic compounds allow UV absorbance. Spectrophotometric detection of PAs and AVNs was realised by DAD detector operated in the interval from 220 to 400 nm, where the absorption maxima of target compounds are presented (310 nm for PCA, 320 nm for FA, 340 nm for AVN 2c, 320 for AVN 2p and 330 nm AVN 2f). As a result, the 320 nm (excitation) wavelength was chosen for the purpose of this study (Fig. 3) .
Validation of method
The analytical data were determined under optimized separation and detection conditions. Parameters including LOD, LOQ, and linear range were calculated to demonstrate the validation of the developed HPLC-DAD method. The calibration curves of the five analytes were created after the injection of a mixed standard solution. Results showed good linear relationship for each analyte (coefficient of determination in the range 0.9997 -0.9999). The LOD of the method were calculated as a signal to noise ratio of 3 using the injection of series of more diluted standard solutions of analytes. The LOQ were evaluated using signal to noise ratio of 10. LOD/LOQ of PCA was 18/68 ng/mL; LOD/LOQ of FA was 28/101 ng/mL; LOD/LOQ of AVN 2c was 20.3/88.8 ng/mL; LOD/LOQ of AVN 2p was 22.8/85.6 ng/mL and LOD/LOQ of AVN 2f was 28/108.8 ng/mL. Analytical parameters of the method used are listed in Table 1 . Intra-day precisions were evaluated for retention time in range 0.37 -1.04 % RSD and for area 0.47 -2.18 % RSD. Inter-day precisions (5 days) were evaluated for retention time in range 0.72 -1.35 % RSD and for area 1.19 -3.09 % RSD. CAP -commercially available products; Different letters indicate significant differences at P < 0.05.
hydrolysis of bound PAs during extrusion (Kováčová et al. 2007) . It is stated that the quantity of free ferulic acidin grains is 0.1 -0.5%, most of it bound with polysaccharides and sterols (Zhao et al. 2008 ).
In the study by Xu et al. (2009) was reported that gallic acid, vanillic acid, caffeic acid, ferulic acid, and p-coumaric acid are the main PAs in oats. The content of FA in oat bran was 33 mg/100g (Boz 2015) . In the study by Chen et al. (2018) (Hung 2014) . The intervention diet (60 g oat bran) contained 28.6 mg of total phenolics (24 % in the soluble fraction), with FA being the predominant PAs (16.8 mg) followed by PCA (3.3 mg) and the three AVNs totally amounting to 2.5 mg (Schär et al. 2018) . FA, PCA and AVN 2p accounted only for small percentages of the total excreted phenolics and AVNs 2f and 2c were not detected, suggesting that these dietary forms are subject to extensive metabolism (Schär et al. 2018) . AVNs content in whole oat extracts was 3.7 to 48.41 mg/kg for AVN 2c, 1.05 to 43.77 mg/kg for 2p and 3.66 to 58.63 mg/kg for 2f in the varieties of oats from Canada (Chu et al. 2013) . In oat, values of AVNs were as follows: 1.16 to 70.06 µg/g for AVN 2c, 2.3 to 74.7 µg/g for AVN 2p and 1.11 to 69.74 µg/g for AVN 2f (Chen et al. 2018) . The latter results indicate that low amount of hydroxycinnamic acids and high amount of hydroxybenzoic acids may be characteristics of the oats (Avena nuda L.) from China (Chen et al. 2018) . AVNs content of oat milling fractions ranged from 323.7 to 775.5 μg/g, while the free phenolic acids content was much lower (103.5 -194.6 μg/g). The study by Li et al. (2017) reported that the concentrations of AVN 2f were higher than those of the other two AVNs. Concentrations of total AVNs in this study ranged from 22.1 to 471.2 mg/kg. For comparison, concentrations of total AVNs in our study ranged from 17.36 to 723.28 mg/kg, which presents high concentration values of AVNs.
In the varieties of oat were observed year-on-year fluctuations of selected phenolic compounds. In the oat varieties from the year 2014, the analytes were determination in significantly higher concentration than in the oat varieties from the year 2015. This observation was caused by the meteorology. In March-July 2014, higher average temperatures and lower precipitations (%) were measured, reflecting significantly different concentrations of all studied polyphenols.
Statistical analysis
The data were expressed as the means with standard deviation and were analyzed by the analysis of variance (one way ANOVA) and Pearson product-moment correlation coefficient. Statistical significance was defined as P < 0.05. The analysis was carried out with statistical software IBM SPSS 22 using the Post Hoc test LSD.
Conclusions
Oat is a cereal with a rich source of health beneficial phytochemicals. We evaluated the contents of phenolic compounds present in oat grown in Slovakia and selected the most interesting varieties with a high content of nutritional values. A simple reversed-phase HPLC-DAD method was developed for simultaneous determination of PCA, FA, AVNs 2c, 2p and 2f. The separation of selected phenolic compounds by HPLC was rapid, efficient and reproducible, and the method presented acceptable results for sensitivity, linearity, precision, and accuracy. The study has shown that the oat varieties grown in 2014 have a significantly higher content of selected polyphenols than the oat varieties of 2015. The most exciting varieties for purpose of cultivation and breeding are Oliver, Racoon, Kamil and 100 260 CN. The HPLC method has potential to be used in analysis of oats and product of oats since currently there is an interest on characterization and determination of biologically active compounds in cereal.
